Trichomonas vaginalis is a flagellated protozoan parasite responsible for one of the most diffused sexually transmitted diseases. The microorganism parasitizes the urogenital tract in humans, with high tissue and host specificity (19) . Adhesion of the protozoan to the host cell is the primary step leading to cytopathogenicity, which is contact dependent (16) . In the past, several reports have described the molecular characterization of the different steps involved in interaction of the parasite with the human vaginal epithelial cells. Adhesion of the parasite is thought to be mediated by four trichomonad surface proteins, reportedly AP65, AP51, AP33, and AP23 (5, 6) , which are believed to recognize specific proteins of the host by a ligand-receptor type of interaction (3, 7, 8) , although the receptors in the host cell have not yet been identified. The putative role of these proteins in adhesion has been characterized by using HeLa cells, because of their epithelial nature and the genital epithelium origin. Moreover, these cells appear more susceptible to in vitro destruction by live T. vaginalis than other cell types (4). Although Arroyo et al. (7, 8) were able to partially inhibit the binding of T. vaginalis to epithelial cells and to detect the adhesins on the protozoan surface by using polyclonal antibodies, Brugerolle et al. (10) recently demonstrated by immunogold staining with monoclonal antibodies that the putative adhesins are not localized on the trichomonad surface, but are restricted to a hydrogenosomal function.
In this report, we have investigated the ability of the four putative adhesins in binding to cells of different species and histologic derivations in an attempt to assess whether the recognition of a specific receptor in a particular cell type could be responsible for the well-known tissue specificity of the parasite. Different cell types, of human and nonhuman derivation, have been used: HeLa, CHO, and Vero cell lines; human and rabbit erythrocytes; and a bacterium without a cell wall, Mycoplasma hominis.
T. vaginalis cells of isolate SS-22 were cultured in Diamond's TYM at 37°C in a 5% carbon dioxide atmosphere (13) . HeLa, CHO, and Vero cells were cultured in RPMI under the same conditions. The M. hominis strain PG21 was kindly provided by S. Razin, Hebrew University, Jerusalem, Israel, and was cultured in SP4 medium (28) . Human erythrocytes of different groups were obtained from healthy human donors, and rabbit erythrocytes were obtained by bleeding of experimental animals. Identification of bound trichomonad proteins was performed by the same procedures used for identification of the putative adhesins, in order to guarantee homogeneous experimental conditions allowing for an appropriate comparison of data (7) . For the ligand assay experiments, semiconfluent cell lines were detached by trypsinization, washed three times in phosphate-buffered saline (PBS), and counted. Washed cells were fixed with 2.5% glutaraldehyde in PBS for 1 h at 4°C under the conditions described in the literature (7). M. hominis cells from an overnight culture were washed in PBS and fixed as described for epithelial cells. In order to assess the extent of binding of the solubilized adhesins to different cell types, fixed HeLa, CHO, Vero, and M. hominis cells were incubated separately with total T. vaginalis proteins obtained by solubilization as described by Alderete et al. (7) . The trichomonad proteins bound to fixed cells were detected as follows. After an overnight incubation at 4°C with the solubilized trichomonad proteins, fixed cells with the bound trichomonad proteins were collected and washed five times with TDSET buffer (10 mM Tris [pH 8.00], 0.2% sodium deoxycholate, 0.1% sodium dodecyl sulfate, 5 mM EDTA [pH 8.00], 1% Triton X-100), resuspended in Laemmli buffer (21), and boiled, and the recovered proteins were loaded in a 10% polyacrylamide gel for visualization. The whole procedure is described in the literature as a "ligand assay" (7) . Figure 1A shows the T. vaginalis proteins that bind to fixed HeLa (lane 1), CHO (lane 2), and Vero (lane 3) cells as a result of the ligand assays. As expected, the proteins that adhered to HeLa cells (lane 1) have the same molecular masses as the adhesion proteins described by Arroyo et al.-AP65, AP51, AP33, and AP23 (7). As can be observed by the sodium dodecyl sulfate-polyacrylamide gel electrophoresis patterns, the four adhesins also bind to CHO and Vero cells. These cells were obtained from hamsters and monkeys and were derived from tissues of different types. Moreover, CHO cells are fibroblasts. Therefore, a tissue specificity of the adhesin binding seems unlikely. More surprisingly, the four proteins are able to bind to the same extent to fixed mycoplasma cells (Fig. 1B) , which, being prokaryotic, possess extremely different surface structures compared to vaginal epithelial cells.
In order to assess the extent of binding of the four proteins to nonfixed membranes, human and rabbit erythrocytes were used. Moreover, experiments were also performed after trypsinization of erythrocytes for digestion of the external protein domains (17) . Erythrocytes were washed and prepared as described previously (18) . The trichomonad proteins bound to both trypsinized and nontrypsinized erythrocytes were detected after coincubation of cells with total trichomonad proteins for 2 h, three washes in PBS, electrophoresis, and transfer onto nitrocellulose filters. The bound trichomonad proteins were revealed by incubation of the nitrocellulose filters with total anti-T. vaginalis antibodies (17) .
When trypsinized and nontrypsinized human and rabbit erythrocytes were used, the results obtained were the same as with the other cell types. Figure 2 shows a representative immunoblot pattern obtained with human trypsinized group 0 erythrocytes. Moreover, as reported previously by us (1, 17) , two other adhesive proteins could be observed to bind to the erythrocyte membrane, having molecular masses of 120 and 140 kDa (Fig. 2) .
In order to assess that the proteins observed to bind to the different cell types were the same and that they were the four putative adhesins described for HeLa cells, T. vaginalis proteins bound to fixed HeLa cells as a result of a ligand assay were detached by boiling in Laemmli buffer, electrophoresed, and transferred onto nitrocellulose. The membrane filter containing the four putative adhesins was then incubated with total anti-T. vaginalis antibodies for 2 h and washed, and the bound antibodies were then eluted by incubation for 5 min with glycine buffer (200 mM glycine [pH 2.8]) and neutralized with 1 M imidazole (pH 7.8), as described previously (17) . Ligand assays of T. vaginalis proteins performed with CHO, Vero, and mycoplasma cells and erythrocytes were then electrophoresed and transferred onto a nitrocellulose filter, which was probed with the eluted antiadhesin antibodies. The eluted antiadhesin antibodies recognized four T. vaginalis proteins bound to all of these cell types, with molecular masses of 65, 51, 33, and 23 kDa.
The results obtained in this work suggest that binding of the four T. vaginalis putative adhesins should not involve a protein receptor on the host cell, but rather an affinity for other structures. An affinity of the putative adhesins for membranes could be suggested. In fact, these proteins are able to bind to trypsinized cells. Moreover, two of the four adhesins, AP65 and AP33, have been characterized, and their sequences are known (6, 14, 25) . As can be inferred from their protein sequences, which have a striking homology with the hydrogenosomal enzymes malic dehydrogenase (decarboxylating) (2, 6, 15, 22, 25) and succinyl coenzyme A synthetase (14, 23) , respectively, these proteins could possess an intrinsic affinity for membranes. On the basis of these data, we can suppose that the use of solubilized proteins, instead of live intact parasites, as well as the use of trypsinized and glutaraldehyde-fixed epithelial cells, is not a more appropriate technique to detect adhesins. Therefore, the data suggest that the host and tissue specificity of T. vaginalis adhesion should not be dependent on the specificity of the four adhesins. It then seems likely that there must be other factors responsible for this specificity that could be researched in terms of other mechanisms of adhesion (9, 11, 12, 23) , requirements for other recognition mechanisms (24, 27) , or the need for factors such as hormones (26) or other molecules present in the vaginal environment (18) . As a matter of fact, we cannot exclude that the tissue specificity is merely related to the fact that, following introduction into the genital tract, trichomonads can parasitize only vaginal cells. The technical assistance of Edmondo Manca was greatly appreciated. Washed erythroctes were incubated with total T. vaginalis proteins, and membranes were collected, washed, subjected to electrophoresis, and transferred to nitrocellulose. Bound parasite proteins were then revealed by using total anti-T. vaginalis antibodies. Molecular mass markers (kilodaltons) are indicated on the left.
